D
e Rosa et al. considered clinical scores, biomarkers and their combination as useful aids for an early antifungal treatment and advocated the adoption of de-escalation therapy in an antifungal stewardship approach as a possible key for a better management of these patients. Authors considered the high burden of invasive fungal infections in terms of patient outcomes and costs and focused on current strategies for their optimization.
The fact that many non-neutropenic, critically ill patients with invasive fungal infection die despite being treated with effective antifungal agents may provide interesting insights on additional, patient-related conditions that may play a role for final outcome.
The role of immunity in septic patients has been studied for many years. Nowadays, we have evidence on the role of impaired immunological response in not-formally considered immunosuppressed patients (e.g. non-transplant recipients, non-neutropenic patients), namely decreased cytokines production, increased number of T regulatory cells and of pro-apoptotic signal (programmed cell death 1receptor, PD-1 and ligand, PD-L1) (1-3). Moreover, it should be also considered that nosocomial sepsis is commonly caused by weakly virulent pathogens (Acinetobacter spp., Pseudomonas spp., Stenotrophomonas spp., and Candida spp.) and septic patients show a high incidence (25-35%) of reactivation of viruses (cytomegalovirus, herpes simplex virus) which are hold in abeyance by an effective immunological response. Recently, Spec et al. (4) (from Hotchkiss' group) published an observational study investigating the immunophenotype of non-neutropenic patients with candidemia compared to critically ill, non-septic controls. Both CD4 and CD8 T cells of patients with candidemia expressed markers of cell exhaustion (PD1 and PD-L1) and a down regulation of positive co-stimulatory molecules (4). These preliminary data may represent the missing brick contributing to explain the paradox between the reduction of the incidence of invasive fungal infections and the lack of survival benefit after untargeted antifungals administration (5, 6) . We may speculate that the impaired immune response may have a causative role on the lack of benefit of highly effective antifungals or it may rather represent a marker of severe underlying disease. If confirmed, the identification of immunologic exhaustion as a hallmark of patients with a higher risk of invasive fungal infections may be considered for better selection of patients in future trials of antifungal treatments. Moreover, it may open the door to a novel therapeutic approach to fungal sepsis based on immunomodulatory therapies. To date, research efforts on antifungal sepsis focused on strategies for early administration of antifungals given the reported high attributable morbidity and mortality of invasive fungal infections. This has led to development of clinical scores, identification of fungal biomarkers and untargeted approaches for invasive fungal infection prevention (7, 8) . Evidence from randomized trials did not demonstrate, to date, an advantage of untargeted administration of antifungals in non-neutropenic critically ill patients (9, 10) . In this sense, antifungal drug administration has been included among the growing list of "the less is better" interventions in ICU. Despite this lack of evidence, up to 8% of ICU patients without proven Candida spp. infection receive an antifungal drug and a significant proportion of patients who received an antifungal will not develop a fungal infection (11) . This has led to antifungal exposure with increased risk of emergence of resistance, drug-related adverse events and costs (12) . Furthermore, the issue of immunological impairment should perhaps be clinically evaluated by epidemiological and microbiological perspectives for Enteropathogenetic syndromes and for the possibilities of invasive infections included in the acronym "CCC": Candida, Carbapanemases-producing bacteria (such as Klebsiella pneumoniae) and C. difficile colitis (13) (14) (15) .
After 30 years of research, there are still some unsolved questions about antifungal treatment in non neutropenic critically ill patients remains:
1) Should we go on with early administration of antifungals to critically ill patients despite the evidence not supporting their use to improve survival?
2) How to better select patients who may the most from antifungal administration?
3) Will immunomodulatory therapies be a feasible, valuable option for patients with fungal sepsis or at risk of developing it?
To date, international guidelines and a stewardship approach are the only available answers.
